increasing in amplitude as the seizure progressed. The number of patients (35) having hypersynchronous seizure onsets was nearly twice that of patients (18) having LVF onsets. Three major differences were seen among patients with the two seizure-onset patterns. When compared with patients having LVF onsets, patients with hypersynchronous seizure onsets had a significantly greater probability of having (1) focal rather than regional seizure onsets (p<0.01), (2) (Engel et al., 1989) . In addition, postoperative analysis of reseeted tissue has shown that most patients with temporal lobe epilepsy (TLE) have hippoeampal sclerosis (HS) , providing the opportunity to study the electrographic characteristics of seizures that are associated with HS (Babb et al., 1984; Babb & Brown, 1987) .
It is generally accepted that seizure onsets in HS-associated TLE arise from a background of low-frequency, high-amplitude periodic spiking, which is often followed by low-voltage fast (LVF) activity in the beta range (Spencer, 1999) . Another common pattern of seizure onset begins with LVF activity or suppression of the EEG. We (Engel et al., 1989) contrasted this pattern with the hypersynchronous spiking onset pattern that we initially described as the most frequently encountered pattern in the mesial temporal lobe. Subsequently, many investigations of temporal lobe seizure-onset pattem have been published, including studies by Spencer et al. (1992a) , Park et al. (1996) , Spanneda et al. (1997) , and Schiller et al. (1998) . 
Histological measures
Cell counts in the hippocampus, dentate gyms, subiculum, presubiculum, and entorhinal cortex were carried out in all available tissue recovered from patients who had anterior temporal lobe resections, using the techniques described by Babb et al. (1984) . Fig. 4) . Figure 3 shows a second example of an LVF onset, consisting of a brief, 4-see regional suppression containing very high-frequency activity, little of which can be resolved within the 70 Hz high-frequency limit of the recording equipment during the suppression. A high-frequency rhythmic recruiting discharge followed the suppression, and continued up to the break in the traces seen in the lower portion of the record. Although a high-amplitude discharge did not occur on the contralateral side, the left mesial temporal leads showed rhythmic discharge 14 see after the onset on the right. In addition to comparisons between patients, based on all hippocampal fields combined, we analyzed the differences in the cell loss between all hippocampal fields and associated areas, and plotted the percent of cell loss in Fig. 8 . Hypersynchronous mesial temporal cell loss was significantly greater than LVF in CA1, CA3, prosubiculum, and stratum granulosum of both blades of the fascia dentata, but showed no difference in CA2, subiculum, presubiculum, and parahippocampal gyms, areas that are known to be resistant to neuronal loss in HS.
DISCUSSION
Two types of seizure onset predominated in the complex partial seizures analyzed in the present study: (1) a slow, synchronous spiking pattem, which we term "hypersynchronous", and (2) those with "LVF" onsets that recruit paroxysmal activity as the seizure develops. In the population studied, hypersynchronous onsets were found in about twice as many patients. Analysis of the variables associated with these two onset types indicates that they provide useful indicators of several characteristic s of mesial temporal epilepsy. These features include (a) seizure propagation patterns and speed of seizure spread, (b) regional versus focal onset of seizures, and (c) the pathological substrates found in mesial temporal structures in which these two seizure onset types are recorded.
Seizure-onset pattern and seizure propagation LVF seizure onsets were found to develop rapidly and spread widely to both ipsilateral and contralateral sites significantly more often than do hypersynchronous seizure onsets. Seizures beginning with hypersynchronous patterns often continued for many seconds, and sometimes minutes, in the ipsilateral mesial temporal area before spreading to adjacent or contralateral areas. In addition, seizures beginning with a hypersynchronous pattem oten remained localized to the same mesial temporal area until they were over, whereas seizures beginning with an LVF pattern were more likely to propagate contralaterally. These characteristics also have been described by Spencer (1998) , who attributed the lowered probability of spread to the loss of CA4 neurons that they assumed project to the contralateral hippocampus (Spencer et al., 1992b anatomical (Gloor et al, 1993; Amaral et al., 1984; Demeter et al., 1985) and functional (Wilson et al., 1990 (Wilson et al., , 1991 (Amaral & Insausti, 1990) , the loss of CA4 neurons might not be as important as the absence of CA1 neurons, which are also greatly reduced in patients with HS (Babb & Brown, 1987 (Engel, 1989; Spencer et al., 1992c; Townsend & Engel, 1991; Spanneda et al., 1997) .
Hippocampal gliosis, a pathology that is usually associated with HS, has been found to be the most severe in patients with repetitive spiking at seizure onset (Park et al., 1996) . The present report provides further support for these studies, and with a large patient population, provides evidence that the neuronal loss associated with hypersynchronous seizure onsets is not limited to one particular hippocampal area. When compared with patients with LVF onsets, patients with hypersynchronous seizure onsets showed a significantly greater neuronal loss in dentate hilus (CA4), upper and lower blades of dentate gyrus stratum granulosum, all hippocampal fields except CA2, and prosubiculum. The lack of difference in the CA2 field is not surprising, given its well known resistance to neuronal loss, even in the presence ofHS (Babb & Brown, 1987) .
The presence of HS in association with hypersynehronous seizure onsets is probably not coincidental, given the results of neuropathological studies demonstrating both retention of GABAergic intemeurons in human hippocampus and the synaptic reorganization produced by the sprouting of mossy fibers in the dentate gyrus (Sutula et al., 1989; Houser et al., 1990; Babb et al., 1991 and functional evidence for the maintenance of strong dentate gyrus inhibition (Tuff et al., 1983; Wilson et al., 1998 ). This evidence, and the results ofthe presem study emphasize the need for further investigation ofthe role of inhibitory mechanisms in epilepsy.
